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Abstract 
The AERONET is global ground-based network of Sun/sky automated radiometers supported by NASA's 
Earth Observing System (EOS) and other international research institutions. AERONET Sun-photometer has been 
used to make measurements of solar radiation and aerosol properties at the Dalanzadgad site in Mongolia since 
February 1997. We have analyzed Aerosol Optical Thickness (AOT), and derived Angstrom exponent acquired by 
an AERONET Sun-photometer at Dalanzadgad of Mongolia. Monthly means computed from quality-assured daily 
means, seasonal trends are presented and discussed. Spring and early summer has the maximum seasonal average 
AOT and minimum seasonal average appears in winter of 2002-2003. Monthly average Angstrom exponents are 
indicates that aerosol mixtures of both coarse and fine mode particles, specially dust aerosol pattern over 
Dalanzadgad dominantly in spring (March-April). 
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1. Introduction 
One of the main problems of the regional climate 
understanding is atmospheric aerosol variability. The 
atmospheric aerosols have a complicated non-uniform 
structure, characterization and their optical properties. Thus 
ground based continuous monitoring of their physical and 
optical properties is necessary. The AERONET provides 
quality-assured data for aerosol optical properties measured 
by the Sun/sky multiwavelength radiometer over the World. 
AERONET facility processes and archives these data 
according to a standardized procedure for the retrieval of 
aerosol properties. One of the AERONET site at 
Dalanzadgad of Mongolia has been operated continuously 
since 1999. Recently, studies on the aerosol monitoring over 
Eastern Asia using AERONET Sun-photometer acquired 
aerosol optical thickness and Angstrom exponent 
measurement have been conducted in the research on 
Aerosol properties in a Chinese semiarid region (Xia Xiango 
at al., 2003), Seasonal and monthly variations of columnar 
aerosol optical properties over east Asia detem血ed from 
multi-year MODIS, LIDAR, and AERONET Sun/sky 
radiometer measurements, (Sang-woo Kim at al., 2006), 
Analysis of column-integrated aerosol optical thickness in 
Beijing from AERONET observations (Xuehua Fan at al., 
2006). This paper addressed to the aerosol optical properties 
over arid region of Mongolia that observed from 
representative site of the Global AERONET Sun-photometer 
measurement at Dalanzadgad. In this research, we adopt 
AERONET Sun-photometer data acquired from 
Dalanzadgad site for 2002-2003 years, which has 
continuously ful measurement over this period. The results 
of the analysis for monthly and seasonal mean AOT and 
Angstrom exponent and size distribution over Mongolian 
arid region are presented in this research. 
2. AERO NET site and Instrument description 
The AErosol RObotic NETwork (AERONET) site 
Sun-photometer was installed 23 February 1997 at 
Dalanzadgad at 43.57722ｰN, 104.41917ｰE, and 1470 m 
above the sea level, in South part of Mongolia and is stil 
undertaken. Operational time at Dalanzadgad site is 3162 
days (8.663 years). The direct Sun measurements has been 
made once every 15 min at 340, 380, 440, 500, 675, 870, 
935, and 1020nm, AODs for each channel except for 935 
run wavelength were retrieved from these direct Sun 
measurements. The Angstrom 440-870nm includes the 440, 
500, 675 and 870nmA0D data. 
3. Data 
In this research Aerosol optical properties data acquired 
with AErosol RObotic NETwork (AERONET) 
ground-based sun-photometer. Ground based aerosol optical 
thickness, Angstrom exponent and size distribution data 
from December 2001 to November 2003 acquired from 
AERONET Sun photometer which available Level 2.0 
Quality Assured Data at the Dalanzadgad site in Mongolia. 
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The AERONET data are pre and post field calibrated, 
automatically cloud cleared and manually inspected. 
3. Results and discussion 
3.1. Monthly variations of aerosol optical properties 
variation during 2002-2003 is presents in Fig. 2. The 
monthly mean minimum value of Angstrom exponent 
(a5ao-870) within range 0.58-0.76 appears in spring (March 
and April) of 2002, it indicates background conditions 
dominated by coarse mode (dust aerosols) aerosols. 
Moreover, mostly fine aerosol particles except spring season 
The AERONET retrieval for AOT (て）is performed at four in 2002-2003. 
wavelengths (入） 340, 500, 870 and 1020nm, and the 
Angstrom exponent (a5ao-870) is evaluated at 500 and 870nm 
for the representative site Dalanzadgad in Mongolia. The 
monthly averages of aerosol optical thickness at 500nm (ちoo),
and Angstrom exponent (a5ao-870) are summarized in Table 1. 
Generally, monthly average high value of AOT at 500 run 
with greater than 0.15 in April-May and August-September 
of 2002 and in March, May-June of 2003. The maximum 
values observed 0.22 in April of 2002 and 0.43 in June of 
2003. Furthermore, mostly higher values of monthly average 
of AOT 0.22 at April and 0.20 at August, respectively, 
occurred in 2002, and 0.25 at May and 0.43 at June 
respectively, observed in 2003. The Angstrom exponent 
provides a rough measure of aerosol particle size. fu general, 
the small values of Angstrom exponent (a) indicate the large 
particles, and the large values represent small particles. The 
monthly mean Angstrom exponents values observed mostly 
in range 1.0-1.93 during 2002-2003. However, low values in 
range 0.58-0.76 in the March and April of 2002, it is 
indicating dust aerosol pattern over Dalanzadgad dominantly 
in spring (March-April). 
The monthly mean AOT at four wavelengths (入)340,500, 
870 and 1020nm for 2002-2003 ilustrated in Fig. 1. 
According to spectral dependence for annual variation of 
AOT(て）in the ultraviolet and visible wavelengths (入340ふoo)
have maximum values in spring (April-May), late summer 
and early autwnn (August-September) and minimum values 
in middle winter (January) of 2002 and maximum values in 
late spring, early summer and minimum values in winter of 
2003. At the near infrared wavelengths (入870 and 入1020) 870, 
1020nm, AOT maximum value in middle spring (April) and 
minimum in middle winter (January) of 2002. Although 
AOT annual variation trend of near infrared wavelengths 
（入町0and 入1020)showed similar trend with AOT of ultraviolet 
and visible wavelengths (入340, 入soo) during 2003. fudeed, 
AOT maximum value at ultraviolet and visible wavelength 
（入340 and 枷） appears 0.43 and 0.61 respectively, in early 
summer (June) and decreases to a minimum in the winter 
(December) then increases again to spring and early summer 
in the al visible and near infrared wavelengths. 
The Angstrom exponent (evaluated at 500 and 870nm) 
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Fig 1. Monthly mean aerosol optical thicknes (AOT) at 440nm, 500nm, 
870nm, 1020nm for the 2002 (a) and 2003 (b) at Dalanzadgad 
AERONET site. 
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Fig 2. Monthly mean Angstrom exponent at 500-870 nm for the 2002 
(a) and 2003 (b) at Dalanza.dgadAERONET site. 
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Table 1. The monthly averages of Aerosol optical thicknes, て500run,and Angstrom exponent, a50-870nm 
Months I I II IV V VI VII VIII IX X XI XII 
2002 
'C50nm 0.04 0.10 0.10 0.22 0.17 0.13 0.12 0.20 0.17 0.07 0.10 0.07 
as0-s10nm 1.54 1.13 0.76 0.58 1.40 1.28 1.93 1.71 1.85 1.98 1.08 1.00 
2003 
て500nm 0.06 0.08 0.15 0.13 0.25 0.43 0.10 0.07 0.06 0.05 0.06 0.03 
U50-s70run 1.29 1.19 1.00 1.19 1.23 1.47 1.24 1.50 1.37 1.53 1.93 1.74 
3.2. AOT and Angstrom exponent dependence 
The scatterplots of Angstrom exponent a5ao-870 versus 
aerosol optical thickness, て500 for each season are shown in 
Fig. 3. As shown on these scatterplots it seems similar 
dependence between Angstrom exponents, a5ao-870 and AOT, 
て500for range 0.0-0.3 of AOT for four seasons. Particularly, 
the Angstrom exponent ranges 0.1-3 .6for てsoo<0.3. Mostly 
broad spread observed of Angstrom exponent for 0.0-3.2 to 
0.6 of AOT in spring and summer season. Moreover, narrow 
spread of Angstrom exponent for 1.0-2.0 appears in range 
0.5-1.5 of AOT in summer and autumn. 
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Fig. 3. Scaterplots of daily mean Angstrom exponent, a50-870 versus 
aerosol optical thicknes, て500 for each season at Dalanzadgad 
AERONET site. 
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3.3. Aerosol size distributions 
Seasonal averages of aerosol volume size distribution 
parameters at Dalanzadgad AERONET Sun-photometer site 
are summarized in Table 1. The second, forth columns 
represents effective radius, 凡ff, third, fifth colum郎 are
columnar volume, Cv for fine and course mode, respectively, 
and sixth is total columnar volume of particles, Cv. As shown 
in this table aerosol effective radius, 応 (inµm) and 
columnar volume of particles per unite section of 
atmospheric column, Cv (ｵm. りµmり by two aerosol modes 
such as fine and course mode. 
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From this table, we have seen aerosol volume size 
distribution in seasonal pattern at Dalanzadgad site that the 
efective radius (凡ff), is varied 0.141-0.154 for fine mode 
and 1.506-2.268 for course mode during 2002-2003. The 
columnar volume of particles (Cv) ranges from 0.005 to 
0.030 for fine and 0.014-0.111 for course mode, respectively. 
Hence, in this table, larger of efective radius 
(1.918-2.268) with course mode occurred in summer and 
autumn seasons, while the large of columnar volume (0.111) 
observed in spring season of this period. The large of 
columnar volume in spring associated with a strong wind 
occurrence season and dry situation of period over this arid 
region. 
Table 2. Seasonal averages of aerosol volume size distribution parameters at Dalanzadgad AERO NET Sun-photometer site; Reff isthe efective radius 
(inｵm) and Cv isthe columnar volume of particles per unit cros section of atmospheric column 
Fine mode Coarse mode Total 
凡ff (ｵm) Cv(µmツµmり 凡ff (ｵm) Cv(µm3/µmり C,(µrn3/µrnり
2002 
Winter 0.141 0.009 1.597 0.024 0.054 
Spring 0.148 0.015 1.506 0.11 0.125 
Summer 0.141 0.020 2.030 0.029 0.050 
Autumn 0.140 0.029 2.268 0.020 0.048 
Year 0.142 0.018 1.850 0.051 0.069 
2003 
Winter 0.152 0.006 
Spring 0.149 0.015 
Summer 0.154 0.030 
Autumn 0.146 0.005 
Year 0.150 0.014 
4. Concluding remark 
In order to characterize aerosol optical properties, we 
analyzed ground measured aerosol optical thickness, 
Angstrom exponent and size distribution data obtained 
from AERONET Sun-photometer site at Dalanzadgad of 
Mongolia, over the two-year period 2002-2003. We 
performed our analysis on monthly and seasonal 
characterization over the south arid region of Mongolia. 
As a result, spring and early summer has the highest 
seasonal average AOT and minimum seasonal average 
appears in winter of 2002-2003. The monthly mean 
Angstrom exponent values occurred mostly in range 
1.0-1.93 during 2002-2003. However, low values of 
Angstrom exponent appears wi血n range 0.58-0.76 in 
spring. Hence, monthly average Angstrom exponents are 
indicates that aerosol mixtures of both coarse and fine 
mode particles, specially dust aerosol pattern over 
Dalanzadgad dominantly in spring (March, April). 
According to spectral dependence of annual variation of 
1.575 0.027 0.032 
1.644 0.026 0.041 
2.124 0.024 0.053 
1.918 0.014 0.019 
1.815 0.023 0.036 
AOT(て） in the ultraviolet and visible wavelengths (入340,
入soo) have max血urn values occurred in spring, late 
summer and early autumn and minimum values in winter 
during the study period. At the near infrared wavelengths 
（入s?o and 入1020) 870, 1020nm, AOT maximum value in 
middle spring and minimum in middle winter of 2002. 
Although, AOT ann叫 variation trend of near infrared 
wavelengths (入s?o and 入1020) showed s血ilar trend with 
AOT of ultraviolet and visible wavelengths (入340, 入soo)
during 2003. AOT maximum value at ultraviolet and 
visible wavelength (入340 and 入soo) appears 0.43 and 0.61, 
respectively, in early summer and decreases to a 
minimum in the winter then increases again to spring and 
early summer in the al ultraviolet, visible, near infrared 
wavelengths. 
The aerosol volume size distribution in seasonal pattern at 
Dalanzadgad site that the efective radius (R晶 is varied 
0.141-0.154 for fine mode and 1.506-2.268 for course mode 
during 2002-2003. The columnar volume of particles (Cv) 
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ranges from 0.005 to 0.030 for fine and 0.014-0.111 for 
course mode, respectively. 
Also the result showed that larger of effective radius 
(1.918-2.268) with course mode occU1Ted in summer and 
autumn seasons, while the large of columnar volume (0.111) 
observed in spring season of this period. The large of 
columnar volume in spring associated with a strong wind 
occurrence season and dry situation of period over this arid 
re包on.
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